Relationship between the water levels and the fish catches in lakes Mweru and Mweru wa Ntipa, Zambia by Williams, R.

S P O N S O R S
H y d r o b i o l o g i s t s f r o m E a s t , C e n t r a l a n d W e s t A f r i c a w i t h s u b s t a n t i a l s u p p o r t f r o m o t h e r
A f r i c a n c o u n t r i e s , F i s h e r y S c i e n t i s t s i n t h e U n i t e d S t a t e s , C a n a d a , U . K . , E u r o p e , S o v i e t
U n i o n a n d I s r a e l .
E D I T O R
D r . J . O k e d i , D i r e c t o r , E . A . F . F . R . O . , J i n j a , U g a n d a .
E D I T O R I A L B O A R D
O B S E R V A T I O N S
S I Z E O N B O T T O
W I T H E M P H A S I :
M r . M . A b o l a r i n , C o - M a n a g e r , K a i n j i L a k e
P r o j e c t , L a g o s , N i g e r i a .
M r . J . K a m b o n a , C h i e f F i s h e r i e s O f f i c e r ,
D a r e s S a l a a m , T a n z a n i a .
M r . J . M u b a n g a , D i r e c t o r , F i s h e r i e s D i v i s i o n ,
C h i l a n g a , Z a m b i a . .
D r . L . O b e n g , D i r e c t o r , I n s t i t u t e o f A q u a t i c
B i o l o g y , A c h i m o t a , G h a n a .
M r . N . O d e r o , D i r e c t o r o f F i s h e r i e s , N a i r o b i ,
K e n y a .
M r . S . N . S e m a k u l a , C h i e f F i s h e r i e s O f f i c e r ,
E n t e b b e , U g a n d a .
P R O G R A M M E
P r o f e s s o r W . B . B a n a g e , M a k e l e r e U n i v e r -
s i t y , K a m p a l a , U g a n d a .
M r . R . E . M o r r i s , D i r e c t o r , E . A . M . F . R . O . ,
Z a n z i b a r .
D r . T . P e t r , S e n i o r L e c t u r e r i n H y d r o b i o l o g y ,
M a k e r e r e U n i v e r s i t y , K a f l p a l a , U g a n d a .
P r o f e s s o r M o h a m e d H y d e r , U n i v e r s i t y o f
N a i r o b i , K e n y a .
P r o f e s s o r , A . F . D e B o n t , U n i v e r s i t e d e
K i n s h a s a , K i n s h a s a X I , R e p u b l i q u e D e m o -
c r a t i q u e d u Z a i r e
A L M O J . C O R D O N E A l
U N D P ( S F ) / F A O L a k e V i c i
F r e s h w a t e r F i s h e r i e s R e s e l
T h e A f r i c a n J o u t - n a l o f T r o p i c a l H y d r o b i o l o g y a n d F i s h e r i e s w i l l o n l y a c c e p t o r i g i n a l a n d
w e l l s u p p o r t e d i d e a s o n t e c h n i q u e s , m e t h o d o l o g y a n d r e s e a r c h f i n d i n g s f r o m s c i e n t i s t s , f i s h e r y
o f f i c e r s , . f i s h e r y e c o n o m i s t s a n d s o c i o l o g i s t s .
T h e J o u r n a l w i l l t h e r e f o r e s t r e n g t h e n t h e A f r i c a n l e s e a r c h s c i e n t i s t b y m a k i n g r e s e a r c h
m a t e r i a l a v a i l a b l e a n d a l s o i n c r e a s i n g t h e a w a r e n e s s a n d u t i l i t y o f a q u a t i c r e s o u r c e s .
I t s q u a l i t y w i l l c o n f o r m t o I n t e r n a t i o n a l s t a n d a r d s , a n d w i l l b e p u b l i s h e d i n E n g l i s h a n d
F r e n c h .
M A N U S C R I P T A D D R E S S
M a n u s c r i p t s s h o u l d b e a d d r e s s e d t o E . A . F . F . R . O . , E a s t A f r i c a n F r e s h w a t e r F i s h e r i e s , R e s e a r c h
O r g a n i s a t i o n , E a s t A f r i c a n C o m m u n i t y , B o x 3 4 3 , J i n j a , U g a n d a .
R E P R I N T S
A u t h o r s w i l l r e c e i v e 6 0 r e p r i n t s f r c e o f c h a r g e . E x t r a r e p r i n t s m a y b e p r o c u r e d o n c o s t .
P U B L I S H E R
E a s t A f r i c a n L i t e r a t l l I c B u r e a u . P . O . B o x 3 0 0 2 2 . N a i r o b i . K e n y a .
I S S U E S
T h e J o u r n a l c o n s i s t s o f o n e v o l u m e a y e a r , c o n s i s t i n g o f t w o i s s u e s w i t h a p p r o x i m a t e l y
e i g h t y p a g e s e a c h .
S U B S C R I P T I O N
A n n u a l s u b s c r i p t i o n w i t h i n E a s t A f r i c a S h . 3 5 . O u t s i d e E a s t A f r i c a . E a s t A f r i c a n S h . 7 0 ,
U S $ I O , ( X l
. a ._,,~ . .
; '
T h e L a k e V i c t o r i a F i s h e
j e c t a n d t h e E a s t A
F i s h e r i e s R e s e a r c h O r g a
o n a c o - o p e r a t i v e e x p l o r a
i n g s u r v e y o f L a k e V i c 1
o b j e c t i v e s o f t h i s p r o g r a n
t a i n t h e r e l a t i v e a b u n d a n
o f t h e m a j o r c o m m e r c i
e v a l u a t e b o t t o m trawlin~
f i s h i n g t e c h n i q u e . T h e j
b o t t o m t r a w l i n g s u r v e y h
1 9 6 8 , a n d t e r m i n a t e d i n F
A
Present address:
R. Williams, 7 Pollock 51., N. Plympton 5038, Adelaide,S. Australia.
R. WILLIAMS
Department of Wildlife, Fisheries and National Parks, Nchelenge, Zambia
RELATIONSHIP BETWEEN THE WATER LEVELS AND THE
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NTIPA, ZAMBIA
a generally muddy bottom, the depth in-
creasing from 2 m at the southern end to an
average of 10 m in the north, with isolated
"holes" up to 27 m deep. There are two
major affluent rivers; the Luapula, which
drains from Lake Bangweulu and enters at
the southern end; and the Kalungwishi, which
drains from the highlands to the east and
enters half way along the eastem shore (Fig.
1). Both affluents, especially the Luapula,
have extensive marshes at their mouths. The
only effluent is the Luvua River at the
north-western corner. The water level is
fairly stable, with a mean annual variation
of 1.5 m, and an extreme of 5 m (DE
KIMPE 1964).
Mweru wa Ntipa (Fig. 1) is an iI}temal
The relationships between water level and catch per effort in two Zambian
lakes are compared. In the relatively stable Lake M weru, a positive correla-
tion exists which can be used, with certain reservations, to prcdict the state
of the fishery two years in advance. The cause of the relationship is
probably the effect of water level on the marshy and swampy breeding
areas, where at least the most common species in the commercial catch
(Tilapia macruchir) has definite limits for the depth of water in which it
will breed. For Mweru wa Ntipa, a consistant definite relationship does not
exist, probably because the water level and extent of the lake fluctuate
widely.
In several of the Zambian fisheries (e.g.
Kafue Flats and Lake Mweru) there appears
to be a correlation between water level and
the landings of fish, especially cichlids, about
two seasons later. If this relationship could
be precisely determined, it would be a valu-
able tool for fisheries management, enabling
prediction of the state of the fishery. The
effect of water level regimes on the respective
fish catches will be evaluated. As the statis-
tical data have several shortcomings, they
can be used only to indicate general trends,
and the conclusions given are preliminary.
Lake Mweru has an area of 4,070 km2 , and
an altitude of approximately 920 m, and is
bounded along the eastern and western shores
by cliffs about 50 m high. It is shallow with
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F i g 1 . M a p o f L a k e M w e r u a n d M w e r u w a N t i p a . C r o s s h a t c h i n g s h o w s L u a p u l a m a r s h a r e a ; s t i p p l i n g
s h o w p r e - 1 9 6 2 e x t e n t o f M w e r u w a N t i p a ; I ! ! I I I I ! I I I i n d i c a t e s e s c a r p m e n t s .
i s b o r d e r e d b y c l i f f s a p p r o x i m a t e l y 7 0 m h i g h .
T h e r e s t o f t h e a r e a i s m a r s h y , i t s e x t e n t
v a r y i n g w i t h w a t e r l e v e l .
I n b o t h l a k e s , f l u c t u a t i o n s i n w a t e r l e v e l
a r e c o r r e l a t e d i n t i m e a n d e x t e n t w i t h t h e
r a i n f a l l . T h e r a i n y s e a s o n l a s t s f r o m O c t o b e r
t o A p r i l a n d a v e r a g e s 1 0 7 c m p e r a n n u m
o n M w e r u a n d 1 3 2 e m p e r a n n u m o n
M w e r u w a N t i p a ( M E T E O R O L O G I C A L
D E P A R T M E N T 1 9 6 7 - 6 8 ) .
9 ° S
2 9 ° E
d r a i n a g e s y s t e m , a n d i t s a r e a v a r i e s w i d e l y
i n r e s p o n s e t o w a t e r l e v e l f l u c t u a t i o n s . I t s
m a i n i n l e t i s M o f w e D a m b o , w h i c h d i v e r t s
w a t e r f r o m t h e K a l u n g w i s h i R i v e r d u r i n g
m o s t r a i n y s e a s o n s ( B R E L S F O R D 1 9 5 5 ) . I t s
m a x i m u m a r e a i s 1 , 5 6 0 k m
2
a l t h o u g h t h e r e
h a s b e e n n o o p e n w a t e r o n a t l e a s t s i x o c c a -
s i o n s b e t w e e n 1 8 6 7 a n d 1 9 6 4 ( B R E L S F O R D
1 9 5 5 ) , a n d i t o c c a s i o n a l l y d r i e s o u t c o m -
p l e t e l y . T h e d e e p e s t a n d m o s t p e r m a n e n t
w a t e r i s a l o n g t h e s o u t h - e a s t e r n s h o r e , w h i c h
K A L U N G W I S H I R ·
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K i l o m e t r e s
4 0
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t o 1 9 6 9 ) . P r e -
b e e n o b t a i n e d
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c a t c h p e r e f f o r
m e a s u r e d d i r e .
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B A I L E Y ( 1 9 5
a s t h e d e p e n d
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Fisheries statistics from ]964 to ]969 have
been published for both fisheries by the
Government of Zambia (GAME AND
FISHERIES DEPARTMENT 1964 and
CENTRAL STATISTICAL OFFICE 1965
to ]969). Pre-]964 and post-]968 data have
been obtained from unpublished reports and
from SOULSBY (1959, 1960). Water level
data have been published by the DEPART-
MENT OF WATER AFFAIRS OF ZAM-
BIA for ]956 to 1lJ60. Post-1960 data have
been obtained from unpublished reports.
Data on water level and catch per effort
for both lakes are plotted in Figs 2 and 3,
with total landings for Mweru wa Ntipa. No
estimate of total landings is given for Lake
Mweru as this is highly unreliable, being
based on exports from the fishery plus
estimated local consumption. The latter esti-
mate has not been revised throughout the
whole period of review. For Mweru wa
Ntipa, the estimate of total landings is more
reliable, being based on a regular gear survey
and catch per effort data. At both lakes,
catch per effort and species composition are
measured directly at the markets.
Relationships between catch per 'ffort and
annual average water level two years pre-
viously are given in Fig. 4. The lines were
fitted by the least iquares method and
correlations calculated by the methods of
BAILEY (1959). Catch per effort was chosen
as the dependant variable because it is the
most reliable statistic for both fisheries, and
the best one available to indicate the state
of the fisheries. Catch per effort for "sta-
tionary" gill nets only was used. Data for
"kutumpula" method, i.e.. driving fish into
the nets by beating the water, were not used
because they are more liable to random
variation depending on the energy of the
fishermen. Regressions of catch per effort on
water levels of the same year or of three




From recorded data, the level of high
water appears to follow a four- to six-year
cycle. This appears to have also been the
case before records started (personal com-
munications with local residents). Fig. 2
shows that fluctuations in catch per effort
tend to follow the same pattern, and that
those for the southern camps, typified by
Isokwe, are more extreme.
The formal correlations between water
level and catch per effort averaged for seven
major camps is shown in Fig. 4. Table I
gives the average correlation coefficient and
those for the seven camps individually. For
most camps these are positive, and for those
where it is negative, the correlation is not
significant. The best fit was .obtained by
splitting the data into two groups and treat-
ing each group as a separate regression, viz.
data rdating to water levels from ]956 to
1961 (points 1 to 6 in Fig. 4), and those
relating to water levels from 1962 to 1967
points 7 to 12). This division was consistent
for all camps.
Mweru wa Ntipa
BRELSFORD (1955) describes the ex-
treme variations in water level before 1954.
The recorded data show a rise of 8 m
between the 1961 and ]964 peaks. These
variations have a great effect on the extent
of open water, and for this reason Fig. 4
only shows the plot of average catch per
effort for the whole area on water level.
Catch per effort data are only available back
to 1964 and c0rrespond in time to the second
group of Lake Mweru data. The datum
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Fig 2. Lake Mweru-water level and mean annual catch per effort data. WL water level, gauge zero 915.5m amsl.; C/E (~)




























































Fig 3. Mweru wa Ntipa-water level, landings and catch per effort data, WL = water level, gauge zero

































Fig 2. Lake Mweru-water level and mean annual catch per effort data. WL water level, gauge zero 915.5m amsJ.; C/E (I:)
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T a b l e 1 . C o r r e l a t i o n c o e f f i c i e n t s f o r r e g r e s s i o n s o f c a t c h p e r e f f o r t o n w a t e r l e v e l t w o y e a r s p r e v i o u s l y .
D e g r e e s o f f r e e d o m
C o r r e l a t i o n
P r o b a b i l i t y
( n - 2 )
c o e f f i c i e n t
( p )
( r )
- - - -
I s o k w e 1 - 6
4
0 . 7 3 3 8
9 0 - - 9 5 %
7 - 1 2
4
0 . 8 5 5 6
9 5 - 9 8 %
K a s h i k i s h i 1 - 6
4
0 . 8 0 0 4
9 0 - - 9 5 %
7 - 1 2
4
0 . 8 5 9 8
9 5 - 9 8 %
I
•
N t o t o
1 - 6
3
0 . 2 3 9 3
9 0 %
. -
7 - 1 2
4
0 . 8 7 1 3
9 5 - 9 8 %
K a b u t a 1 - 6
4
0 . 6 7 3 8
9 0 %
7 - 1 2
4
0 . 8 4 9 6
9 5 - 9 8 %
M u k w a k w a
1 - - ' 6
4
0 . 6 0 3 7
•
9 0 %
7 - 1 2
4
0 . 7 3 8 9
9 0 - - 9 5 %
K a f u l w e
1 - 6
4
0 . 7 7 4 2
9 0 - - 9 5 %
7 - 1 2
4
0 . 9 3 2 5
9 9 %
K a l o b w a
1 - - 6
3
0 . 1 5 2 3
9 0 %
7 - 1 2
4
0 . 7 4 7 9
9 0 - - 9 5 %
I
. .
M w e r u ' w a N t i p a
4
0 . 8 0 9 0
9 0 - - 9 5 %
, . ,
L . M w e r u ( a v e r a g e )
4
0 , 7 2 9 8
9 0 %
1 - 6 r e f e r s t o w a t e r l e v e l / c a t c h p e r e f f o r t d a t a f r o m 1 9 5 6 / 5 8 t o 1 9 6 1 / 6 3
7 - 1 2 r e f e r s t o d a t a f r o m 1 9 6 2 / 6 4 t o 1 9 6 7 / 6 9
M w e r u n a N t i p a ' d a t a a r e f r o m 1 9 6 2 / 6 4 t o 1 9 6 7 / 6 9
1 6 t o 1 8 r e p r e s e n t a t i m e d u r i n g w h i c h t h e
e f f o r t r o s e b y 1 , 3 0 0 % , t h u s i n v a l i d a t i n g a n y
i n f l u e n c e o f w a t e r l e v e l o n c a t c h p e r e f f o r t .
T h e r e m a i n i n g p o i n t s a r e t o o f e w o n w h i c h
t o d r a w a n y m e a n i n g f u l c o n c l u s i o n s , a n d s o
a r e g r e s s i o n h a s n o t b e e n d r a w n f o r t h i s
g r o u p .
D I S C U S S I O N
L a k e M w e r u i s r e l a t i v e l y s t a b l e , h a v i n g a
f a i r l y l a r g e o u t l e t ( t h e L u v u a R i v e r ) , a n d
t h e L u a p u l a m a r s h e s t o t h e s o u t h h a v e a
d a m p e n i n g e f f e c t o n t h e m a j o r s o u r c e o f
f l o o d w a t e r s , b y e x t e n d i n g t h e p e r i o d o v e r
w h i c h t h e y a r c r e l e a s e d i n t o t h e l a k e ( C A R E Y
1 9 6 5 ) . I n 1 4 y e a r s t h e m a x i m u m a n n u a l
v a r i a t i o n i n t h e h e i g h t o f t h e f l o o d h a s b e e n
4 . 5 m . B e c a u s e o f i t s r e l a t i v e l y s t e e p s h o r e s ,
v a r i a t i o n i n w a t e r l e v e l h a s h a d l i t t l e e f f e c t
o n t h e a r e a o f t h e l a k e , e x c e p t i n t h e
L u a p u l a m a r s h e s . C A R E Y ( 1 9 6 5 ) h a s s h o w n
t h a t m a n y s p e c i e s , e s p e c i a l l y c i c h l i d s , w h i c h
b e t w e e n t h e m f o r m t h e b u l k o f t h e c o m -
m e r c i a l c a t c h , m i g r a t e t o t h i s a r e a j u s t b e f o r e
t h e s t a r t o f t h e r a i n s t o b r e e d . M o s t a v a i l -
a b l e d a t a , h o w e v e r , r e f e r s t o T i l a p i a m a c r o -
c h i r , a n d s o t h i s s p e c i e s w i l l b e d i s c u s s e d .
U n t i l 1 9 6 6 , T . m a c r o c h i r w a s t h e m a i n s t a y
o f t h e f i s h e r y , c o m p r i s i n g u p t o 6 4 % b y
n u m b e r s o f t h e t o t a l l a n d i n g s ( T a b l e 2 ) .
R U W E T ( 1 9 6 2 ) s t a t e s t h a t i n t h e L u f i r a
b a r r a g e l a k e , w h e r e c o n d i t i o n s a p p r o x i m a t e
t o t h o s e i n L a k e M w e r u , T . m a c r o c h i r o n l y
b r e e d s i n w a t e r b c t w e e n 3 0 e m a n d 1 5 0 e m
d e e p . C a l c u l a t i o n s b a s e d o n f i e l d o b s e r v a -
t i o n s s h o w t h a t t h e w a t e r d e p t h a t A ( F i g . 1 )
i s 3 0 c m w h e n t h e g a u g e r e a d s 1 . 7 1 m , a n d
F i g . 2 s h o w s t h a t i n s e v e r a l b r e e d i n g s e a s o n s
t h e w a t e r l e v e l h a s b e e n a t o r n e a r t h i s
c r i t i c a l l i m i t . T h u s i n a y e a r o f r e l a t i v e l y
h i g h w a t e r l e v e l a c o m p a r a t i v e l y l a r g e a r e a
o f t h c m a r s h e s w o u l d b e f l o o d e d t o a c o r r e c t
d e p t h f o r t h e b r e e d i n g o f m a n y s p e c i e s , o f
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R E L
m o s t i m p o r t a n t , t h u s e n c o u r a g i n g a s t r o n g
y e a r c l a s s .
L i t t l e w o r k o n a g e a n d g r o w t h i n n a t u r a l
w a t e r s h a s b e e n d o n e o n T . m a c r o c l z i r , b u t
D E B O N T ( 1 9 5 2 ) g i v e s a m e a n l e n g t h o f
2 1 c m f o r 8 ! - m o n t h - o l d f i s h r e a r e d i n p o n d s .
A f i g u r e o f s i m i l a r o r d e r p r o b a b l y a p p l i e s
t o L a k e M w e r u . T h e m e a n s t a n d a r d l e n g t h
o f T . m a c r o c h i r c a u g h t i n g i l l n e t s o f 7 . 5 c m ,
1 0 . 0 c m , 1 2 . 5 c m a n d 1 5 . 0 c m s t r e t c h e d
m e a s u r e a r e r e s p e c t i v e l y 1 6 . 5 c m , 1 9 . 5 c m ,
2 5 . 0 c m a n d 2 9 . 0 c m , w h i c h s h o w s t h a t f i s h
a b o u t o n e - y e a r - o l d a r e t a k e n i n 1 0 c m
( s t r e t c h e d m e a s u , r e ) n e t s . M o s t o f t h e c o m -
m e r c i a l T i l a p i a c a t c h , h o w e v e r , i s t a k e n i n
1 2 . 5 a n d 1 5 c m m e s h n e t s , s o t h e m a j o r
e x p l o i t a t i o n i s o f f i s h a b o u t t w o y e a r s o r
o l d e r . T h i s p r o v i d e s a r a t i o n a l e f o r t h e
c o r r e l a t i o n o f c a t c h p e r e f f o r t w i t h w a t e r
l e v e l t w o y e a r s p r e v i o u s l y .
I n a y e a r o f l o w w a t e r l e v e l , m u c h o f t h e
m a r s h a r e a w o u l d b e c o v e r e d w i t h l e s s t h a n
3 0 c m o f w a t e r , t h u s l i m i t i n g b r e e d i n g .
C A R E Y ( L 9 6 5 ) s t a t e s t h a t a t t h e s e t i m e s
t h e f i s h b r e e d i n s u c h s h a l l o w o p e n w a t e r
l o c a l i t i e s a s C h i m b o f u m a B a y i n s t e a d . I n
t h e s e a r e a s t h e a d u l t f i s h a r e m o r e e a s i l y
c a u g h t d u r i n g t h e b r e e d i n g s e a s o n , a n d t h e
j u v e n i l e f i s h h a v e n o v e g e t a t i v e c o v e r a s
p r o t e c t i o n f r o m p r e d a t o r s . J A C K S O N ( 1 9 6 1 )
c o n s i d e r s s u c h c o v e r i m p o r t a n t f o r f i s h l e s s
t h a n ] 2 c m l o n g i n t h e p r e s e n c e o f t h e
p r e d a t o r y H y d r o c y n u s v i t t a t u s , w h i c h i s
a b u n d a n t i n L a k e M w e r u , a n d D O N N E L L Y
( 1 9 6 9 ) a l s o d e s c r i b e s t h e i m p o r t a n c e o f
n u r s e r y g r o u n d s f o r T i l a p i a s u r v i v a l .
T h e s e f a c t o r s c a n e x p l a i n t h e g e n e r a l
r e l a t i o n s h i p o f c a t c h p e r e f f o r t t o w a t e r
l e v e l , b u t n o t t h e s p l i t o f t h e d a t a i n t o t w o
r e g r e s s i o n s w i t h t h e r a p i d r i s e i n w a t e r l e v e l
( F i g . 2 ) . T h i s w o u l d f l o o d m u c h o f t h e
m a r s h t o m o r e t h a n 1 5 0 e m ( t h e m i n i m u m
w a t e r d e p t h a t A i n 1 9 6 2 w a s 2 4 6 c m ) a n d
t h e f i s h w o u l d h a v e b e e n u n a b l e t o e x c a v a t e
n e s t s i n t h e n e w l y f l o o d e d p e r i p h e r a l a r e a s
w i t h s u i t a b l y d e e p w a t e r b e c a u s e o f t h i c k
g r o w t h s o f C y p e r u s p a p y r u s , P h r a g m i t e s
s p p . a n d o t h e r v e g e t a t i o n ( R U W E T 1 9 6 2 ) .
T h i s m e a n s t h a t n o r e a l l y s t r o n g b r o o d w a s
p r o d u c e d i n 1 9 6 2 - 6 3 t o s u p p o r t t h e f i s h e r y
a f t e r t h e s t r o n g 1 9 5 6 - 5 7 - 5 8 b r o o d s h a d b e e n
a l m o s t f i s h e d o u t , a n d a f t e r a s l i g h t i n c r e a s e ,
t h e c a t c h p e r e f f o r t d e c l i n e d b e l o w a n y
p r e v i o u s l e v e l . C o i n c i d e n t w i t h t h e d e c l i n i n g
c a t c h p e r e f f o r t w a s a p e a k i n e f f o r t ( F i g . 5 ) ,
w h i c h p r o b a b l y r e s u l t e d i n o v e r f i s h i n g o f t h e
a l r e a d y w e a k e n e d s t o c k , a n d w a s r e s p o n s i b l e
f o r t h e v e r y l o w c a t c h p e r e f f o r t v a l u e s i n
1 9 6 8 - 6 9 . T h u s a l t h o u g h i n t h e s e c o n d p e r i o d
t h e c o r r e l a t i o n b e t w e e n c a t c h p e r e f f o r t a n d
w a t e r l e v e l i s s t i l l v a l i d , i t s v a l u e i s d i f f e r e n t
f r o m t h a t o f t h e f i r s t p e r i o d .
T h e d e p t h a n d e x t e n t o f w a t e r i n M w e r u
w a N t i p a , b y c o n t r a s t , a r e h i g h l y u n s t a b l e .
D u r i n g t h e v e r y d r y p e r i o d s , t h e f i s h p o p u l a -
t i o n m u s t b e r e d u c e d t o v e r y l o w l e v e l s , n o t
o n l y b e c a u s e o f t h e s m a l l e x t e n t o f t h e w a t e r
b u t a l s o b e c a u s e o f i t s h i g h s a l i n i t y a t t h e s e
t i m e s ( S O U L S B Y 1 9 5 9 ) , s o t h a t o n l y t h e
m o r e h a r d y s p e c i e s s u c h a s t h o s e o f t h e
g e n u s C l a r i a s c a n s u r v i v e .
W i t h s u d d e n l a r g e c h a n g e s i n w a t e r l e v e l ,
s u c h a s b e t w e e n L9 6 1 a n d 1 9 6 3 , a v a s t n e w
a r e a w o u l d b e c o m e a v a i l a b l e t o t h e f i s h , a n d
p r e s u m a b l y t h e s a l i n i t y o f t h e w a t e r w o u l d
d e c r e a s e . N o d a t a o n c a t c h p e r e f f o r t a r e
a v a i l a b l e f o r b e f o r e 1 9 6 4 , a n d s o a s t r i c t
c o m p a r i s o n c a n n o t b e m a d e w i t h L a k e
M w e r u . E s t i m a t e d t o t a l l a n d i n g s , h o w e v e r ,
r o s e s t e a d i l y d u r i n g t h e r e l a t i v e l y s t a b l e
w a t e r c o n d i t i o n s a f t e r t h e v e r y d r y p e r i o d
i n 1 9 5 4 , p r o b a b l y a s a r e s u l t o f g r a d u a l r e -
p o p u l a t i o n a s c o n d i t i o n s a m e l i o r a t e d , a n d a
c o n s e q u e n t i n c r e a s e i n f i s h i n g a c t i v i t y . D u r -
i n g t h e p e r i o d o f w a t e r l e v e l r i s e , t h e l a n d -
i n g s f e l l , p r o b a b l y b e c a u s e o f a n a n a l o g o u s
s i t u a t i o n t o t h a t i n L a k e M w e r u - d u r i n g t h e
m a i n f i s h i n g s e a s o n ( w h i c h c o i n c i d e s w i t h
t h e b r e e d i n g s e a s o n ) , m o s t o f t h e f i s h w e r e
i n t h e w e e d - c o v e r e d h a b i t a t s a n d d i f f i c u l t
t o c a t c h . T h i s s i t u a t i o n w o u l d h a v e p r o d u c e d
a t l e a s t t w o s t r o n g b r o o d s , w h i c h t o g e t h e r
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Fig 5. Fishing effort, lakes Mweru and Mweru wa Ntipa. x ----x = Lake Mweru; 0- - - - ---0 =
Mweru wa Ntipa.
After the water level stabilised, the catch
per effort decreased steadily, which was
probably due to two factors. Firstly, the
configuration of the Mweru wa Ntipa basin
is such that outside the pre-1962 open water
area, the bottom is virtually flat until the
present lake margin is reached, and is now
covered with approximately 6 m of water.



















with an increase in effort (Fig 5) would
account for the almost exponential rise in
landings after 1964. This would have been
helped by the continued rise in water level
drowning the weed covered areas, thus in-
creasing the catchability of adult fish. A
very high percentage of the landings from
Mweru wa Ntipa is T. macrochir, as in
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T a b l e 2 . A v e r a g e p e r c e n t a g e s b y n u m b e r o f T .
m a c r o c h i r i n t h e l a n d i n g s o f l a k e s M w e r u a n d
M w e r u w a N t i p a
4 .
M w e r u
M w e r u M w e r u w a
N t i p a
1 9 5 6
1 1 . 6 1 9 6 3
3 2 . 1
1 9 5 7 1 3 . 5
1 9 6 4 4 3 . 7 9 8 . 4 5
1 9 5 8
2 9 . 1
1 9 6 5
5 3 . 4
8 4 . 3 0
1 9 5 9
3 5 . 3
1 9 6 6 6 3 . 9
8 2 . 3 0
1 9 6 0
1 9 . 6
1 9 6 7 3 2 . 8 8 2 . 5 0
1 9 6 1
7 . 2
1 9 6 8 9 . 8 7 4 . 6 0
1 9 6 2 1 5 . 4
1 9 6 9
5 . 4 7 8 . 4 6
t i o n s s i n c e 1 9 6 4 w o u l d n o t h a v e r e d u c e d
t h e w a t e r d e p t h i n t h i s a r e a t o t h e r a n g e
s u i t a b l e f o r h i g h l y s u c c e s s f u l b r e e d i n g , a n d
t h u s n o r e a l l y s t r o n g y e a r c l a s s e s w e r e p r o -
d u c e d s i n c e t h e p e r i o d o f i n t e r m e d i a t e w a t e r
l e v e l b e t w e e n 1 9 6 2 a n d 1 9 6 4 . S e c o n d l y , t h e
i n c r e a s e i n e f f o r t b e t w e e n 1 9 6 5 a n d 1 9 6 9
p o s s i b l y r e d u C e d , t h e s t o c k a t a f a s t e r r a t e
t h a n i t w a s b e i n g r e p l a c e d b y t h e s u b s e q u e n t
w e a k e r y e a r ; c l a s s e s .
R E S U M E
1 . D a n s u n l a c c a r a c t e r i s e p a r u n r e g i m e
h y d r o l o g i q u e s t a b l e , t e l q u e I e l a c
M o e r o , d o n t l a p e c h e e s t b a s e e l a r g e m e n t
s u r d e s e s p e c e s q u i s e r e p r o d u i s e n t
d a n s l e s m a r a i s , I e r a p p o r t e n t r e I e
n i v e a u d e I ' e a u e t l a p r i s e p a r u n i t e
d ' e f f o r t f o u r n i t a l a g e s t i o n d e l a p e c h e r i e
u n e h y p o t h e s e p r o p h e t i q u e d e l a v a l e u r
p o t e n t i e l l e .
2 . P l u s i e u r s e s p e c e s d ' u n e i m p o r t a n c e c o m -
m e r c i a l e s e r e p r o d u i s e n t d a n s l e s m a r a i s
a u t o u r d e I ' e m b o u c h u r e d e l a L u a p u l a ,
e t o n s a i t q u e p o u r I e T i l a p i a m a c r o c h i r
i l y a p a r m i l e s p r o f o n d e u r s d e I ' e a u
u n r a y o n l i m i t e d a n s l e q u e l l a r e p r o -
d u c t i o n s ' e f f e c t u e .
3 . C e t t e z o n e e s t , e n p r a t i q u e , l a s e u l e
d a n s l a q u e l l e l e s v a r i a t i o n s d u n i v e a u d e
l ' e a u a g i s s e n t d ' u n e m a n i e r e s i g n i f i c a t i v e ,
s u r l ' e t e n d u e d e s t e r r a i n s d e r e p r o -
d u c t i o n a p p r o p r i e s .
1 1 e x i s t e u n e c o r r e l a t i o n e n t r e I e n i v e a u
d e l ' e a u e t l a p r i s e p a r u n i t e d ' e f f o r t
2 a n n e e s p l u s t a r d , a u m o m e n t o u c e t t e
c l a s s e d ' a g e e s t r e c r u t e e p a r l a p e c h e .
L e s d o n n e e s s u r I e l a c M o e r o s e d i v i s e n t
e n c e u x c l a s s e s ; p o u r c h a c u n e o n d i s p o s e
d ' u n e r e g r e s s i o n d ' u n e s i g n i f i c a t i o n s t a t i -
s t i q u e . E l l e e s t I e r e s u l t a t d ' u n e l o n g u e
p e r i o d e m a l a d a p t e e a I a f r a i e , s u i v i e p a r
u n e p o i n t e d ' e f f o r t q u i r e d u i s a i t p r o -
b a b l e m e n t I e s t o c k d e j a a f f a i b l i .
C o m m e I e r a p p o r t g e n e r a l r e s t e e n c o r e
v a l a b l e , l e s v a I e q r s p o u r l a p r i s e p a r
u n i t e d ' e f f o r t s o n t p l u s f a i b l e s .
5 . A u f o n d I ' h y p o t h e s e p o u r I e l a c M o e r o -
w a - n t i p a e s t p a r e i l l e , m a i s p o u r 2
r a i s o n s o n n e p e u t p a s p r e v o i r u n e
p r e d i c t i o n v a l a b l e :
( a ) l ' e f f o r t d e p e c h e c h a n g e a b e a u c o u p
p e n d a n t l a p e r i o d e t r a i t e e e .
( b ) I e b a s s i n d u M o e r o - w a - n t i p a c o m p -
r e n d 2 p a r t i e s p r i n c i p a l e s : ( i ) l a
z o n e a v e c u n e c o r r e s p o n d a n c e
a p p r o p i m a t i v e a l a s u p e r f i c i e d e s
e a u x l i b r e s a v a n t 1 9 6 2 , c a r a c t e r i s e e
a c t u e l l e m e n t p a r u n e p r o f o n d e u r
e n t r e 7 e t 9 m , e t ( i i ) l a z o n e r e s t a n t e
q u i e t a i t , a v a n t 1 9 6 2 , s o i t s e c h e ,
s o i t b o u r r e e d e p a p y r u s m a i s
c o u v e r t e a p r e s e n t j u s q u ' a I a r i v e
d ' u n e c o u c h e d ' e a u d e 6 m e n v i r o n .
1 1 e n r e s u l t e q u e l e s c o n d i t i o n s l e s
p l u s f a v o r a b l e s p o u r l a r e p r o d u c t i o n
s e p r e s e n t e n t s e u l e m e n t u n p e u
a p r e s l a m o n t e e d e s e a u x h o r s d e
l a z o n e p r o f o n d e , e t i l n ' y e x i s t e
p a s u n e z o n e f l e x i b l e d e m a r e c a g e
p e n d a n t q u e I e n i v e a u d e I ' e a u s e
m a i n t i e n t a l a h a u t e u r a c t u e l l e .
A u s s i p e u a p r e s q u e I e l a c o c c u p a i t
s a s u p e r f i c i e m a x i m a l e , l e s p e t i t e s
v a r i a t i o n s s u b s e q u e n t e s d u n i v e a u d e
l ' e a u n ' a g i s s a i e n t p a s d ' u n e m a n i e r e
R E J
s i g n i f i c a t i v
p o i s s o n s , '
s a i e n t p l u s
C O N C L U S I O N S .
1 . F o r a h y d r o
a s M w e r u , w i t h a
o n m a r s h b r e e d i n :
b e t w e e n w a t e r I e
p r o v i d e s a p r e d i c t ]
v a l u e t o f i s h e r i e s
2 . M a n y c o m m
b r e e d i n t h e m a r s
t h e L u a p u l a , a n d
h a v e a l i m i t e d r a n ,
i t w i l l b r e e d .
3 . T h i s a r e a i s
w h i c h w a t e r l e v e :
a f f e c t t h e e x t e n t o f
4 . A c o r r e l a t i o l
l e v e l a n d t h e c a t d
w h e n t h a t y e a r
f i s h e r y . T h e d a t a
i n t o t w o g r o u p s , f ,
f i c a n t r e g r e s s i o n s
a r e s u l t o f a n e x t l
b r e e d i n g c o n d i t i o ]
e f f o r t , w h i c h p r o
w e a k e n e d s t o c k ,
r e l a t i o n s h i p i s s l
l o w e r f o r c a t c h p
5 . T h e r a t i o r i a
b a s i c a l l y s i m i l a r ,
n o t b e o b t a i n e d j
( a ) T h e f i s h i n l
u n d e r r e v i ,
( b ) T h e M w e r
m a i n p a r t
r e s p o n d i n g
o p e n w a t e l
h a s a d e p
r e m a i n i n g
e i t h e r d r y
b u t n o w i s
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CONCLUSIONS AND SUMMARY
1. For a hydrologically stable lake, such
as Mweru, with a fishery depending largely
on marsh breeding species, the relationship
between water level and catch per effort
provides a predictive hypothesis of potential
value to fisheries management.
2. Many commercially important species
breed in the marshes around the mouth of
the Luapula, and T, macrochir is known to
have a limited range of water depth in which
it wiII breed.
3. This area is virtually the only one in
which water level fluctuations significantly
affect the extent of sui,table breeding grounds.
4. A correlation exists between the water
level and the catch per effort two years later,
when that year class is recruited to the
fishery. The data from Lake Mweru fall
into two groups, for which statistically signi-
ficant regressions can be obtained. This is
a result of an extended period of unsuitable
breeding conditions followed by a peak in
effort, which probably reduced an already
weakened stock, so that while the general
relationship is still valid, the values are
lower for catch per effort.
5. The rationale for Mweru wa Ntipa is
basically similar, but a valid prediction can-
not be obtained for two reasons:
(a) The fishing effort during the period
under review changed dramatically.
(b) The M'weru wa Ntipa basin has two
main parts; the area roughly cor-
responding to the pre-1962 extent of
open water, which at the present time
has a depth of 7 to 9 m, and the
remaining area which before 1962 was
either dry or choked with papyrus,
but now is covered with approximate-
Iy 6 m of water almost to the edges.
This means that highly suitable con-
ditions for fish breeding only occur
soon after the water breaks out of
the deeper area, and that no "elastic"
marsh area exists when the water level
is at its present height. Thus soon
after the lake occupied its maximum
extent, relatively minor subsequent
variations in water level had no signi-
ficant effect on fish breeding and
consequently none on the fishery.
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